Background: In pseudoexfoliative syndrome (PEX), extraocular accumulation is associated with cardiovascular morbidity and mortality. The aim of this study was to investigate the effect of exercise test on corrected QT dispersion (QTcd) and QTcd recovery in PEX. Patients and Methods: A total of 37 patients diagnosed as PEX were included in the study. The control group consisted of 38 patients. The Electrocardiographies (ECG) were taken. The patients were subjected to an exercise test. Results: In the study group, baseline, peak and third minute recovery QTcd values were 41.35 ± 7.27 ms, 65.19 ± 7.83 ms, and 53.61 ± 6.45 ms, respectively. In the control group, baseline, peak and third minute recovery QTcd values were 29.92 ± 4.23 ms, 38.31 ± 4.22 ms and 28.76 ± 3.09 ms, respectively. There was statistically significant difference between the baseline and peak QTcd values of the study group and the control group (t = 8.34224/p < 0.00001, t = 18.55079/p < 0.00001, respectively). In addition, while there was a statistically significant difference between the baseline QTcd and the third minute recovery QTcd in the study group, there was no statistically significant difference between the baseline QTcd value and the third minute recovery QTcd value in the control group as heart rate recovery (t = 8.388558/p < 0.00001, t = 1.967315/p = 0.056668, respectively). Conclusion: All of them were found to have a higher risk in terms of malignant ventricular arrhythmia in the study group, both at rest and with effort, in a statistically significant way compared to the control group.
Introduction
Pseudoexfoliative syndrome (PEX) is characterized by the accumulation of fibrillary extracellular material in some organs, in the eye and out of the eye.
PEX can be easily identified by biomicroscopic examination with the presence of anterior segment changes characterized by pupillary border and white deposits on the anterior aspect of the lens [1] . Extra-ocular accumulation is associated with cardiovascular disease and mortality. It has been shown to be associated with PEX, myocardial infarction, ischemic heart disease, congestive heart failure, cardiomyopathy, aortic aneurysm and arterial hypertension [2] [3] [4] . The underlying cause of cardiovascular complications was impaired cardiovascular function [5] .
It has been swowed that the rate of PEX in patients with coronary artery disease and the rate of coronary artery disease in patients with PEX had a greater incidence than healthy subjects [6] . In addition, PEX was closely associated with coronary artery disease in patients undergoing cataract surgery [7] . An increase in the chance of arrhythmia was also detected in PEX without coronary artery disease. This is thought to be due to changes in autonomic functions [8] . QT dispersion (QTd) is the value obtained by removing the shortest QT time from the longest QT duration in ECG and the value above 60 ms is known to be associated with lethal ventricular arrhythmias [9] .
QTcd has been shown to be increased in PEX patients [10] . However, the effect of stress test on corrected QTdispersion (QTcd) in patients with PEX and QTcd recovery was not observed in this patient group.
In the literature on QTcd recovery, only one study has been conducted, and our study has been the second study using this term so far. Therefore, the purpose of our study was to investigate the effect of exercise test on QTcd and evalute QTcd recovery time in patients diagnosed with PEX in the ophthalmology outpatient clinic as compared with regard to heart rate recovery and the control group.
Patients
A total of 37 patients (19 male and 18 female) diagnosed with PEX by biomicroscopic examination, with observation of the substance called gray white fibrogranular pseudoexfoliation material at the edge of the lens anterior capsule and/or pupil, were enrolled in the study. This group was determined as the study group. The mean age of the study group was 64.7 ± 9.6 years. The control group 
Methods
After PEX was diagnosed by biomicroscopy, routine blood tests, hemogram and thyroid function tests were performed. Patients without any electrolyte disorder, anemia or thyroid, renal and hepatic dysfunction were included in the study and those with any systemic disease such as electrolyte disorder, hypertension or diabetes mellitus, anemia, thyroid, liver and kidney dysfunction were excluded from the study. The study group was then subjected to transthoracic echocardiography by a cardiologist. Patients with left ventricular ejection fraction below 60% and significant valvular disease were excluded from the study. After transthoracic echocardiography, resting ECG recordings were taken at a rate of 50 mm/sec in the semi-trandelenburg position after a 5 minute rest period. The patients were then subjected to stress test according to Bruce protocol [11] . Those with arterial tension above 140/90 mm hg were excluded from the study.The test was terminated when the patients reached 88% of the target pulse. Recordings were taken at a speed of 50 mm/sec.The control group also underwent routine physical examination, blood test and transthoracic echocardiography, then atfer the ECG recordings were taken at 50 mm/sec speed, they were taken to exercise test according to Bruce protocol. Those whose arterial tension was above 140/90 mm hg were excluded from the study. The test was terminated when the patients reached 88% of the target rate. Calculations are made with digital ruler by a cardiologist. While QT duration measured from the beginning of the Q wave in the QRS to the end of the T wave, QT dispersion was obtained by removing the shortest QT time from the longest QT time. QT and QTd were obtained by multiplying each measured small square by 40 msec.
The calculations were performed on all leads in the records and at least three consecutive QRS waves. Patients who failed to compute in a lead and in 3 consecutive QRS waves were excluded from the study or the record was repeated. Then, corrected QT (QTc) and QTcd was calculated as using Framingham Correction [12] . All of these evaluations were performed for both the study group and the control group.
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Statistical Analysis
SPSS software [Version X; IBM, Armonk, NY, USA] 20.0 was used for the collection and analysis of the data. Measurements were expressed as mean values with ± Standard deviation. Analyzes were performed using t-test. For all tests p < 0.05, the differences are statistically significance.
Results
There was no statistically significant difference between sociodemographic and clinical characteristics of the participants of study and control group (Table 1) .
There was no statistically significant difference between baseline and peak exercise QTc values in the study group and the control group, respectively. However, when QTcd values were taken into consideration, there was a statistically significant difference between basal and peak QTcd values in the control group and study group ( Table 2) .
There was a statistically significant difference between basal QTc and third minute recovery QTc in study group. There was a statistically significant difference between basal and third minute recovery QTcd in study group (Figure 1 ). There was a statistically significant difference between basal and third minute recovery heart rate in study group (Table 3) .
There was statistically no significant difference between basal and third minute recovery QTc values, basal QTcd and third minute QTcd (Figure 1 ), basal heart rate and third minute heart rate in the control group (Table 4) .
Discussıon
In our study, two important results emerged. The first one is that the resting and peak exercise QTcd values were significantly higher in the study group Although the relationship between PEX and many organ diseases is shown closely, the most important of these is its association with cardiovascular events [13] . Cardiovascular disease most commonly associated with PEX is undoubtedly coronary artery disease [5] . In one study, the incidence of coronary artery disease in patients with PEX and the incidence of PEX in patients with coronary artery disease were found to be increased [6] . It has been also advocated that coronary artery disease has increased in PEX patients over the age of 50 years [7] . Other major diseases associated with PEX; hypertension and angina pectoris [14] , serbrovascular events [15] , alzheimer disease [16] , aortic aneurysm [17] and peripheral artery disease [18] . Those who investigated the relationship between PEX and cardiovascular disease have focused on many mechanisms. The first is the hemocystein level, which is found to be increased in PEX patients compared to non-PEX patients [19] [20] . Although there was an increase in homocysteine levels, vitamin B12, folic acid and B6 levels were decreased in PEX patients [21] . However, in one study, the association between PEX and coronary artery disease, hypertension, cerebrovascular events, diabetes mellitus and arrhythmias was investigated and it was suggested that only the prevalence of arrhythmia was high in PEX patients [22] . In addition to all these, although there was a minority, it has been claimed that there was no association between PEX and cardiovascular disease [23] .
The mechanisms underlying the arrhythmias associated with PEX have been investigated and it was suggested that most prominent of these was the defective autonomic system [24] . To prove this, the carotid artery baroreseptor reflex was investigated and a decreased and impaired vagal activity was found in PEX patients [25] . In addition, the same group carried out another study to support these findings and reported decreased cardio-vagal regulation [26] . The most emphasized parameter in Vagal autonomic system failure was Hearth Rate Recovery. A defective heart rate recovery is associated with increased cardiovascular mortality [27] . However, QTcd recovery has never been studied. In our study, we found that tehere was a defective heart rate rocovery in the PEX group, compared with the control group. Also the defective QTcd recovery has been found in the study group, as defective as heart rate recovery. This means that QTcd recovery can indirectly indicate vagal activity, such as heart rate recovery.
Disruption of ventricular repolarization may lead to malignant ventricular arrhythmias in patients. Coronary artery disease and long QT duration are the most important reasons for ventricular arrhythmias [28] . An increased QT duration and QTcd duration were associated with sudden cardiac death [29] .
The QTc value was greater than 450 ms and the QTcd value above 60 ms was associated with malignant ventricular arrhythmias and sudden cardiac death [31] . In addition, QTcd levels were found to be significantly higher in PEX patients than in the control group, but the relationship with the stress test was not investigated [10] . In addition, only one study on impaired QTcd recovery was reported in the literature and it was found to be an independent predictor of mortality at 6 months of follow-up [32] .
In our study, we found that the baseline and peak exercise QTcd values were significantly higher in the study group than the control group. This suggests that PEX patients may have a greater risk of malignant ventricular arrhythmias, both at rest and with exertion, which may be more common than normal people.In addition, we found that PEX patients were defective QTcd recovery as defective as heart rate recovery, compared to the control group.
Conclusion
In conclusion, PEX patients have a risk of malignant ventricular arrhythmia, both at rest and with effort. Furthermore, delayed QTcd recovery times showing the indirect presence of vagal activity were defective. This finding also supports the increased risk of arrhythmias.
Study Limitations
In our study, the number of cases is little. Healthier data can be made with larger case studies. And also, we calculated QTc and QTcd values as manually by digital caliper. In addition, long-term studies should be made in order to observe the effect of medical therapy on the QTc, QTcd and ventricular arrythmias induced by the exercise test in patients with PEX. More comprehensive and long-term follow-up studies should be performed to obtain healthier data.
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